"A new concept, adaptive system use (ASU), is conceptualized as a user's revisions of which and how system features are used." (Sun, 2012, p. 453). Sun (2012) conceptualized, tested empirically, and validated this new concept for the first time. We conducted a methodological replication of Sun's (2012) work. We show that his study on ASU can be successfully replicated under similar contextual conditions. While our research is a first step towards understanding ASU in more detail, further replications in the search for new potential moderators and the applicability of ASU in different contextual conditions are necessary. Additional replications further the generalizability of the ASU model and its triggers.
Introduction
User adaptation of information systems (IS) is a continuous process in the post-adoption phase. Each interaction of a user with an IS presents the opportunity to revise prevalent use behavior. For instance, an employee might have never used the "track changes"-function in Microsoft (MS) Word and begins to do so, whenever someone shares a document for the purpose of collaborative work on a single document. Sun (2012) motivates his research on user adaptation in post-adoption IS use along these lines. Surprisingly, Sun identified only little research on user adaptation to IS (2012) , particularly for the post-adoption stage of IS implementations. Thus, Sun (2012) developed the concept, research model, and measures for Adaptive System Use (ASU) on the basis of Louis and Sutton's (1991) theoretical underpinnings of the understanding of how people switch between automatic and active thinking. His study is focused on a user's revision process for specific features of an IS. An evaluation with 253 office workers largely supported his hypotheses. In this article, we report our methodological replication of his work in a slightly altered context. Thus, we aim to extend the external validity of Sun's (2012) model by replicating it under these adapted circumstances.
We contribute to research with an extension of the body of knowledge on ASU by identifying some indication for its robustness. Before presenting our results, we briefly describe the ASU model as presented by Sun (2012) , our applied research methodology, and the data analysis. We conclude the paper with a discussion of our results and the avenues for future research.
Theoretical Background
Current conceptualizations of individuals' use of IS are often criticized as simplistic or too lean. As a consequence, research that further opens the black box of use has long been called for and found more attention over the years (e.g. Barki et al. 2007; Burton-Jones and Straub 2006; Elie-Dit-Cosaque and Straub 2011) . In particular, ASU has recently been suggested as a concept to capture user adaptation behavior to a new IS (Sun, 2012) . Sun (2012) defined the new term of features in use (FIU) as the "basket of system features that are ready to be used by a particular user to accomplish a task" (Sun, 2012, p. 455 ). ASU involves not only an individual feature of a system, but rather an individual user's FIU. In relation to the aforementioned aspects of FIU, Sun (2012) states that ASU has two sub-dimensions, which are a user's revisions of FIU content and the revisions of FIU spirit, i.e. how the individual uses features. These two dimensions also have sub-dimensions. A revision of the content of FIU, i.e. which features are used by individual users, has the sub-dimensions of "trying new features" (Barki et al., 2007; Jasperson et al., 2005; Sun, 2012) and "feature substituting" (Parthasarathy and Bhattacherjee, 1998; Sun, 2012) . Alternatively, users might use features in ways different to those originally assigned by a vendor. This would be a revision of the FIU spirit. The sub-dimensions of the revisions of the spirit of FIU are "feature combining" and "feature repurposing".
Original Model: The original model was developed by Sun (2012) based on Louis and Sutton's (1991) research on the behavioral change of individuals between active and habitual thinking. Louis and Sutton (1991) identified three triggers for active thinking in their original study. These triggers were Novel Situations, Discrepancies, and Deliberate Initiatives. The definition of the triggers is linked to contradictions or interruptions. These contradictions can be, for instance, a misfit between a tool and a task (Kuutti, 1995) . A Novel Situation is a situation in which a user has a new task, which requires the use of a new feature or system. This can be linked to the example that an employee needs to work with the "track changes"-function because she started to collaborate on a document with others. A Discrepancy is a contradiction in the current use of a system (Burton-Jones and Straub, 2006) . This can be the case if a feature does not create the expected outcomes (Jasperson et al., 2005) because of a contradiction between a feature and a task (e.g., if a user employs vlookup instead of hlookup, whenever only one of the two is appropriate). A Deliberate Initiative is a contradiction between two system use activities. For instance, if a superior asks employees to use a feature that is new to them and the employees have to adapt, learn, and use the new feature.
The aforementioned triggers do not automatically result in a specific adaptation action or active thinking (Louis and Sutton, 1991) . It is rather due to an individual's sensemaking of a trigger when a specific action follows. The aforementioned triggers might be present at the same time and influence each other. For instance, if a new employee joins a company and faces novel situations and a discrepancy in the use of technology compared to her work at a previous workplace (Sun, 2012; Louis and Sutton, 1991) . Sun (2012) developed a research model on this basic understanding of the adaptation context. Individual and external influencing factors are represented in the overall research model. The individual factors are captured with the measure of personal innovativeness in the use of IT (PIIT). PIIT is defined as an individual trait which is supposed to reflect an individual's willingness to try out new technology (Agarwal and Karahanna, 2000; Agarwal and Prasad, 1999; Sun, 2012) . Sun (2012) chose PIIT, because it is a domain specific determinant of individual behavior. External influencing factors are obtained by describing the facilitating conditions comprising the degree to which an individual feels supported by the organizational and technical infrastructure for the use of an IS (Venkatesh et al., 2003, p. 453) . The model overall describes just one iteration of ASU. As mentioned before, some triggers and parts of the process may run in parallel, while others run in sequence (Beaudry and Pinsonneault, 2005; Jasperson et al., 2005) . The adaptation process continues until the adaptation has closed the discrepancy to a point that the marginal value of another episode of adaptation is too low. 
Research Methodology
As the main intention of our research is the replication of Sun's (2012) research on ASU in a slightly different context (methodological replication), we applied the research methodology used by Sun (2012) . Thus, we also conducted an online survey comprising the items measuring ASU, its triggers, and the moderating factors of personal innovativeness in IT (PIIT) and facilitating conditions (FCOND). Appendix A provides an overview of the measures that we applied in our replication study. However, from a methodological perspective, our research is different in several aspects: First, Sun (2012) conducted the online survey in the US whereas we chose participants from the UK. The national cultures of the UK and the US are similar yet different, therefore, our replication study took place in an altered national culture context (Hofstede, 2011a; 2011b) . Second, we focused our investigation explicitly on the use of MS Excel rather than the entire MS Office suite. This allowed us to select panelists who stated that they have a good or very good command of the MS Excel features. We assumed that only these users would have a sufficient system use experience to recall their specific adaptation behavior and educated adaptations. In addition, we also replicated the situating task (Sun, 2012) , with a special focus on adaptations of MS Excel. We considered only the participants who reported such an incident in our data analysis.
Data Collection
For our replication study, we collected data by employing a panel service provider to reach a sufficient number of knowledgeable MS Excel users. We are aware that an application of research panels can result in panel effects. In his work, Dennis (2001) examined commonly mentioned panel effects in more detail. These are the creation of "professional respondents" through numerous participations in panel surveys and a selection bias of web-based panels. However, Dennis (2001) noticed that he could "not detect a serious undercurrent of negative panel effects" (Dennis, 2001, p. 36) . We ensured the comprehensibility of the items with respect to the language by using respondents from the UK. Before data collection, we provided the panel provider with a set of criteria describing the targeted respondents to reduce the effect of 'professional panelists'. In particular, we focused on potential respondents that can be classified as knowledge workers (Drucker, 1999) and asked the panel provider to balance the set of data with regard to respondents' gender. The overall set of respondents also covers multiple industries and different educational as well as socioeconomic backgrounds to balance the panelists' demographics.
As aforementioned, we decided to collect data from knowledge workers who are experienced in using MS Excel, which we tested using a filter in the survey, asking the participants to assess their perceived experience with MS Excel and to describe an incident they experienced when using MS Excel (see situating task depicted in Appendix B). We decided to consider only the responses of those participants who described a comprehensible incident and who stated that they are very experienced in using MS Excel. This helped us ensure that we did not receive answers from professional respondents, but a rather specific group of people who passed the filter in the survey. Due to the stringent filtering, we had to invite a high number of participants in order to get a sufficient data set. It has been indicated that MS Excel is the most welcomed among identified workarounds (Eckerson and Sherman, 2008) and the toughest system to replace (Robey et al., 2002) . Consequently, we selected MS Excel as the information system of interest in our study. Paper 4 our panel is somewhat different to the one used by Sun (2012) , as we extend the circle of participants by including knowledge workers in different roles and positions from all kinds of industries into the group of potential survey participants and because we are focusing solely on MS Excel. Furthermore, we conducted the survey with a panel from the UK instead of the US because national culture can also influence the perception and use of IS (Leidner and Kayworth, 2006) . Table 1 highlights the differences of our study to the work of Sun (2012) . 
Data Analysis and Results
For the analysis of our data set, we used the Partial Least Squares (PLS) method as described by Urbach and Ahlemann (2010) and Hair et al. (2013) . Sun (2012) also used PLS. We used SmartPLS 3.2.5 to run the PLS for the data analysis to assess the measurement and the structural model.
Descriptive Statistics
After the completion of data collection, we first controlled for the appropriateness of our data by comparing completion times for the surveys and by screening descriptive statistics. Table 2 provides an overview of the descriptive statistics our and Sun's (2012) results. In total, the panel service provider invited 3,230 panelists to participate in our study. Due to our filter mechanisms, 2,346 participants were screened out, meaning that they either had no or limited experience with MS Excel, could not describe a case of adapting Excel to their needs (situating task depicted in Appendix B), were not employed in an organization, or the gender-related ratio needed to be balanced. From the remaining 884 participants, 111 did not answer at all, and 337 did not answer the questionnaire completely. Thus, we removed them from our overall data set.
Finally, we checked our quality criteria to receive the final data set. We had to remove more than 150 out of 436 completed responses from the panel data set on the grounds of quality issues. For the removal of invalid responses, we followed a two-step approach. First, as we used Questback 1 as software for online surveys, we were able to calculate a quality measure based on the median response times of all participants. We decided to remove all responses (107 responses) with a quality value smaller than 0.25, meaning that the participants' response times were 50% lower than the average of all participants. In a second step, we considered the items that were reversely coded in our survey. Frequently, researchers suggest to use reverse coded items to identify (inter alia insufficient cognitive ability, impaired response accuracy, or actual measurement of a different construct) careless responses (Magazine et al. 1996, p. 247) . If respondents answered significantly different on two items that are reversely coded to each other, but referred to the same construct, it can be the case that they were careless in their answers. This implies a lower quality of their Volume 4 Paper 4
answers. Again, we removed 48 completed questionnaires based on the analysis of reverse coded items (resulting in 281 valid responses).
Measurement Model
After data collection and cleansing, we validated the measurement model of ASU with respect to its reliability, convergent validity, and discriminant validity. In a first step, we assessed the measurement model's outer loadings. We observed outer loadings between 0.86 and 0.93 (> 0.708) for the reflective constructs of discrepancy (DP) and deliberate initiative (DI). Except for PIIT2 (which was reversely coded; outer loading = 0.312) and FCOND3 (which was also deleted by Sun (2012) in his study), we also had outer loadings between 0.705 and 0.986 for the indicator of our two potential moderators: FCOND and PIIT. Thus, we deleted PIIT2 and FCOND3 to ensure acceptable indicator reliability. As indicated in Table 3 , the composite reliabilities (CR) and average variances extracted (AVE) are very similar to Sun's (2012) results. More specifically, the values of CR and AVE exceed the suggested thresholds of 0.7 and respectively 0.5. Thus, the measurement model fulfills the quality criteria of internal consistency reliability and convergent validity (Hair et al., 2013) . The criterion of discriminant validity is also fulfilled, as the AVE's square roots are larger than the correlations among the single constructs (see Table 3 ). 
Structural Model
Like Sun (2012), we used the latent variable scores for the three formative indicators of the novel situation (NS) construct and the two formative indicators of the ASU construct. In total, we added six single-indicator interaction terms representing the two moderating effects on each of the relationships between the triggers and ASU. These single-indicator interaction terms were directly linked to the dependent variable ASU. After bootstrapping, we were able to assess the relative importance of the formative indicators. The results including the comparison to Sun's (2012) work are summarized in Table 4 . All in all, we verified Sun's (2012) results with slight differences. In contrast to Sun (2012) , our data indicate a significant contribution of others' use (OU) to form a novel situation. Thereby, we followed Sun's call to replicate the analysis of OU's effect on novel situation. We could not identify an effect of new tasks (NT) on novel situation. Thus, current results on the formative indicators of novel situation are inconclusive and 
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Paper 4 require further analysis. As all VIF values are smaller than 3.3, there are no issues with multicollinearity (Diamantopoulos and Winkelhofer, 2001 ) of ASU and NS.
As highlighted in Table 5 , our data confirm Sun's results (2012) with regard to the direct effects of the three triggers on ASU. Similar to Sun (2012), we could not identify a direct effect of deliberate initiatives (DI) on ASU. We could not support any of Sun's hypotheses regarding the moderating effects, when we added the aforementioned moderators. In other words, we could not observe any interaction or multi-group moderation effects of PIIT and FCOND. These results are also confirmed by the small effect size that results when the moderators are included in the model.
In addition, we conducted a Sobel test (Hayes, 2013) to verify the mediation effect of discrepancy (DP). First, we tested the mediating effect of DP on the relationship between NS and ASU. In the absence of DP, we identified a significant total effect of NS on ASU (see Table 5 ). Introducing DP as mediator, the direct influence of NS on ASU remains significant. As the 95 percent confidence interval (CI of 0.327 to 0.423) does not contain zero, we can conclude that DP has a partial mediation effect on the relationship between NS and ASU. Second, we identified a full mediation effect of DP on the relationship between DI and ASU, as there is a non-significant relationship between DI and ASU (see Table 5 ) and the confidence interval (CI of 0.269 to 0.370) also does not contain zero. Like Sun (2012), we conducted a cluster analysis to identify heterogeneous triggering conditions and to examine behavioral patterns of ASU under these conditions. Since our results are similar to Sun's (2012) , we present these findings in Appendix C. 
Discussion
The present study replicates the work of Sun (2012) , who conceptualized ASU and developed measures for the related constructs and triggers of ASU. Generally, our data confirm his research results in our slightly altered context (see also Table 6 ). Our replication demonstrates the applicability of Sun's (2012) items for the three triggers of NS, DI, and DP as well as ASU. Our data set supports all relationships of the triggers to ASU and the mediating effect of DP. However, we have different results with regard to the impact of OU and NT based on our data. While Sun (2012) indicated a significant effect of NT and a non-significant effect of OU on NS, we observed opposite results.
We assume that the variations in results can be related to the slight differences between the contexts of the two studies. In a context where several tools can be applied (such as the use of the whole MS Office suite (Sun, 2012) ), new tasks could have a significant effect on the perception of novel situations because Volume 4
Paper 4 different solutions can be employed to deal with the new tasks. They might not have a particular effect when looking at the use of a specific software solution such as MS Excel. Spreadsheet software has been designed for the solution of rather specific kinds of problems, which share similar characteristics. Furthermore, we selected a panel of proficient users of MS Excel, who have the ability to make use of the features of the software and might be expert users in their organization. It could be the case that because of their level of specialization these knowledge workers experience a much smaller number of new tasks than general administrative staff members, who were the respondents in Sun's (2012) study. However, OU can be important for the user types that are included in our survey because expert users are likely to benefit from an exchange of best practices with colleagues. These kinds of benefits of exchange between users might not be so important in purely administrative settings as covered by Sun's (2012) research, were many clerks or office assistants might tend to work on their own. In addition, we could not support any hypotheses with regard to the moderators presented by Sun (2012) . We tested for the moderating effect of PIIT and FCOND because we wanted to explore whether the theoretically well-grounded argument for the moderating effect of these two factors would hold in a slightly altered setting (see Table 5 ). It became evident that this was not the case. Sun (2012) identified a positive moderation of PIIT for the relationship between NS and ASU as well as a negative moderation of PIIT for the relation between DI and ASU. However, even those two moderating effects could not be identified based on our data set. Thus, while he identified little support for the hypotheses, we found even less. This might be related to the effect size of the moderating effects, which tend to be rather small. Future research could avoid this issue with an even larger sample, which potentially increases statistical power and therefore the ability to detect a rather small moderating effect.
We assume that the lack of an identifiable moderating effect of PIIT and FCOND can also be due to the characteristics of MS Excel and the experience of the user types, which were the respondents for our replication study. The explanation for the lack of a positive moderating effect for the relationship of NS and ASU can also be linked to the work environment of the respondents. As aforementioned, the respondents in our panel are likely to be users that are more specialized because they perceived themselves as experienced users of MS Excel. This might mean that they had fewer opportunities to perceive their own user behavior to be particularly innovative, since they were much more familiar with the technology at their disposal. They have fewer opportunities to experiment and explore something new, as the items for PIIT suggest it: Hence, not innovativeness but knowledge and the kind of learning approach of individuals is likely to be a more appropriate moderator for this relationship. Authors of future replication studies should therefore consider including constructs of system knowledge and individual learning behavior as potential moderators. Furthermore, Bala and Venkatesh (2013) state that the initial response to change in process characteristics or work in general will be influenced by the characteristics of the underlying technology. Thus, it could be the case that technology characteristics moderate the relationship between the triggers of novel situations, deliberate initiatives, and perceived discrepancies and the state of ASU (Haake et al., 2015) . A negative moderation of the relationship between DI and ASU by PIIT as identified by Sun (2012) would mean a resistance to change because of demands of others (Sun, 2012) . The absence of such a moderating effect in our study can also be explained with the likely nature of the predominant work environment of our panelists compared to those used by Sun (2012) . Expert users are likely to work in more autonomous functions then general administrative staff, which is much more likely to be in a situation where a larger number of people can judge the execution of a job. Furthermore, very detailed processes and protocols for the execution of tasks might exist. These conditions are probably not the usual work environment of our panelists, who are likely to conduct specialized tasks, which require their specific knowledge of MS Excel. It could also be the case that these differences in the observations are rooted in different working cultures of the UK and the US. As we cannot provide conclusive results for the differences between our and Sun's (2012) observations, more replications of the ASU model in varying contexts and with differing software artifacts are warranted as only our slight adaptation already produced significantly different results. Additional replications would further increase the generalizability of the ASU model and its triggers.
As we replicated Sun's work (2012) , our research has similar limitations. A first limitation stems from the application of a panel for data collection. However, as discussed previously, we invested substantial effort in mitigating issues related to the application of a panel service provider. Another limitation stems from our decision for MS Excel as the system of interest, since the system allows a great degree of freedom for the end user. Regarding this, our study does not differ significantly from Sun's (2012) original study. Further research on software artifacts, which have more restrictions for adaptation (e.g. ERP, CRM systems) would address this current research gap. In addition, our study was conducted at one single point of time. Similar to Sun (2012), we suggest the analysis of multiple feedback loops in future longitudinal studies.
Conclusion
ASU can be replicated successfully under similar conditions. Our research is a first step towards understanding ASU in more detail. Further replications to identify other potential moderators and to reassert the applicability of ASU in different contexts are necessary. 
Facilitating Conditions (FCOND)
(adapted from Venkatesh et al. 2003) During that incident reported above... (7-Point Likert scale from 1 = strongly disagree to 7 = strongly agree) FCOND1: I had the resources necessary to change.
FCOND2:
I had the knowledge necessary to change.
FCOND3:
A specific person (or group) was available for assistance for that change (dropped).
Triggers (adapted from Sun 2012)
Please indicate to what extent you agree with the following statements about that incident you reported. (7-Point Likert scale from 1 = strongly disagree to 7 = strongly agree)
New task (NT):
NT1: My task changed (e.g., I had a new task).
Changes in system environments (SE):

SE1:
The system environment of Excel in my organization changed.
SE2:
Our Excel was being upgraded.
SE3:
The peripheral facilities (e.g., printers, copiers, and scanners) changed in my organization.
SE4: I used different versions of Excel.
Other people's use (OU):
OU1: I saw other people's use of that feature.
OU2:
Someone showed me a new feature.
OU3:
Someone showed me a new way of using a feature I knew.
Discrepancy (DP):
DP1: Some Excel features did not work as I thought. 
Feature combining (FC):
FC1: I generated ideas about combining features in Excel that I was using.
FC2:
I combined certain features in Excel.
FC3:
I used some features in Excel together for the first time.
FC4: I combined features in Excel with features in other applications to finish a task.
Feature repurposing (FR):
FR1: I applied some features in Excel to tasks that the features are not meant for.
FR2:
I used some features in Excel in ways that are not intended by the developer.
FR3:
The developers of Excel would probably disagree with how I used some features in Excel.
FR4:
My use of some features in Excel was likely at odds with its original intent.
FR5:
I invented new ways of using some features in Excel.
FR6:
I created workarounds to overcome Excel's restrictions.
Appendix C: Cluster Analysis
Similar to the work of Sun (2012), we conducted a two-step approach to perform the cluster analysis. The cluster analysis serves to classify cases of the overall study (in this study 281 cases) into groups being as homogenous as possible within each group, but as heterogeneous as possible among the different groups.
In the first step, we performed a hierarchical cluster analysis using SPSS (version 23) to identify the number of clusters. Like Sun (2012), we used the Ward's minimum variance method for cluster formation and Euclidean distances as the similarity measure. Finally, a three-cluster solution seemed to result in meaningful pattern. In the second step, we conducted a K-means cluster analysis where we defined the K value to be three. The ANOVA indicated significant differences among the three identified clusters (see Table C1 ). Based on the cluster analysis, we were able to analyze the degree of differentiation of each cluster to the other ones based on the triggers. Table C2 summarizes the results by presenting the means, standard deviations and the differentiation tests. In two clusters, we came to the same results as Sun (2012) . We also identified one cluster, which can be referred to as intensive triggering. This cluster is characterized by high levels of all three ASU triggers and contains (as in Sun's work) the most cases (n = 146). Another cluster -also identified by Sun (2012) -is the cluster of non-intensive triggering characterized by low levels of all triggers (cluster 3). Only, the characteristics of cluster 2 differ from Sun's (2012) results. While Sun identified a cluster, he named discrepancy triggering and which has only a high level of the trigger discrepancy, we identified a cluster having high levels of novel situation and deliberate initiative. Due to the differing results, we conducted a two-step clustering analysis as provided by SPSS (version 23), which combines the two steps conducted by Sun (2012) (meaning combination of hierarchical and k-means clustering approach). The two-step clustering resulted in two categories, namely the intensive triggering conditions and the non-intensive triggering conditions (see Table C3 ). As stated by Sun "a potentially thorny but essential issue in cluster analysis is the selection of the number of clusters" (2012, p. A8). Thus, the existence of a third cluster remains questionable. Therefore, our remaining cluster analysis refers to the clusters of high and non-triggering conditions. Based on the two identified clusters, we performed in the next step independent samples t-tests to test differences in ASU. The analysis revealed that -similar to Sun's (2012) results -the means of trying new features did not significantly differ between the groups. Thus, this first-order sub-construct of ASU seems to have no impact on the characteristics of the two clusters (see Table C4 ). 
